Rare disease Background:
Background
Non-Hodgkin lymphoma (NHLs) is a heterogeneous group of hematological malignancies that can rarely involve the breast as either a primary or secondary tumor. Primary NHL of the breast account for less than 1% of all breast cancers and are predominantly B cell in origin [1] . Less than 10% of NHLs are derived from mature, CD30 + T cells [1, 2] . Anaplastic large cell lymphomas (ALCL) are a rare subtype of T cell NHLs that accounts for only 3% of all adult NHLs and 6% of breast NHLs [3] . ALCLs are subcategorized as anaplastic lymphoma kinase (ALK)-positive or -negative tumors. ALK positivity is predominantly seen in children or young adults, while ALK-negative ALCL is more common in populations approximately 40-65 years of age and is managed more aggressively [4] . Approximately 1 in 500 000 women are diagnosed with ALCL in the United States annually and 3 in 100 million primarily involve the breast [5, 6] .
The association between breast implants and ALCL has been discussed in the literature and is an extremely rare event. The first reported case describing an association between breast implants and ACLC was presented by Keech and Creech in 1997 [7] . Since then, between 34 and 173 cases have been described [6, 8] . The annual incidence of breast implant-associated ALCL (BI-ALCL) is 0.1 to 0.3 per 100 000 women who undergo breast reconstruction [9] and cases are often underreported due to the rarity of these tumors [10, 11] . In 2011, the US Food and Drug Administration (FDA) cautioned that breast implants carry a very small but increased risk of developing ALCL [6] . Interestingly, a report published by Jacob (2016) showed that more women with unilateral breast cancer diagnosis are deciding to undergo double mastectomy despite lack of survival benefit, a trend that may increase the number of women opting for breast reconstructive surgery [12] .
All cases of BI-ALCLs are ALK-negative and arise from the inflammatory T cells surrounding the fibrous capsule, and in advanced disease these cells can invade the native breast parenchyma [13] . The breast tissue itself does not show any malignant changes [13] . Histologically, BI-ALCLs are composed of large pleomorphic cells with kidney-shaped nuclei [10] . In addition, epithelial membrane antigen (EMA)-positive, epithelioid cells resembling breast cancer have also been described [14] . ALCL usually presents late, with a median onset of 9.2 years after surgery (range: 4 months to 25 years) [14] . Tumors are indolent and carry an excellent prognosis with a median overall survival (OS) of 12 years [14] . Of note, no difference has been observed between saline vs. silicone implants and the development of BI-ALCL [13] . We present a case report of ALK-negative ALCL following bilateral silicone breast implants. Staging work-up was done and noted minimal abnormal FDG uptake (less than the mediastinal blood pool uptake) within the left breast effusion (Figure 1 ). Bilateral sub-centimeter, minimally FDG avid axillary adenopathy was thought to be inflammatory as opposed to neoplastic (Figure 1 ). After aspiration, the left breast with implant remained at baseline size, comparable to the right breast.
Relevant history in this pre-menopausal woman included menarche at 11, G6P3, first live birth at 25, and excision of a left breast lipoma in 2007 prior to implants. Medications included 
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vortioxetine, lisdexamfetamine, armodafinil, and multivitamins. Family history noted breast and ovarian carcinomas in her mother (at the age of 68 and 71, respectively), glioblastoma in her father, and colon cancer in a paternal grandfather. Social history was non-contributory, except for 2-4 alcohol portions per week and a remote history of smoking (20 pack years, quit 30 years ago).
Physical exam results were normal except for intact subpectoral breast implants bilaterally and well-healed scars from the implant ( Figure 3A) . The left breast continues to appear modestly larger than the right. The patient underwent bilateral capsulectomy and extraction of silicone implants ( Figure 3B ).
Discussion
Since its first description in 1997, the association between breast implants and ACLC has generated much attention, including recent reports from several regulatory agencies, including the US FDA [6, 7] . All patients diagnosed with BI-ALCL have been women, with a median age of occurrence of 54 years (range, 28-87 years) [9] . In the largest meta-analysis of BI-ALCL, 37 reports documenting 79 cases globally have been published and an additional 94 unpublished cases were presented [8] .
Patients with BI-ACLC present most commonly with breast discomfort or enlargement due to swelling, without breast pain requiring further follow-up. The late onset of these symptoms following breast implants placement is a common characteristic of BI-ALCL [15] . Development of breast mass, contractures, and, in rare cases, lymphadenopathy, ulcerations, rash, pruritus, lymphomatoid papulosis, and B symptoms have also been reported, although less frequently [8, 10, 15] . Follow-up imagining studies with ultrasound and mammogram often reveals a fluid collection or a seroma confined to the capsular space [11] . Interestingly, 28 out of 71 (39.4%) patients with BI-ALCL have had a prior history of breast cancer that required reconstructive surgery (with 14 cases unreported) and 5 out of 71 (7%) had a previous history of lymphomas (with 17 cases unreported) [15] .
BI-ALCL arises from mature, CD30 + T cells surrounding the implant capsule, and 65.5% of cases are in situ tumors [11, 13] . Although treatment guidelines are lacking, retrospective studies have shown that complete surgical excision, which includes removal of the implant, total capsulectomy, and complete removal of any disease or mass with negative margins, is recommended for all patients with BI-ALCL [11] . Patients with complete surgical excision showed improved event-free survival (EFS) and median OS when compared to patients who underwent only limited surgery, chemotherapy, or radiation therapy [11, 15] . The most commonly used chemotherapy regimen is cyclophosphamide, doxorubicin, vincristine, and prednisone (CHOP), which had been used in 44 out of 51 cases of BI-ALCL reported (86.3%) [11, 14] . BI-ALCL patients treated with chemotherapy have a relapse rate of 29%, perhaps related to the more aggressive clinical behavior leading to clinicians to use it post-surgically [11, 15] . Several case reports have also described unusually aggressive and treatment-refractory forms of BI-ALCL, suggesting that subtypes of BI-ACLC may also exist [16, 17] .
Histologically, BI-ALCL is composed of large pleomorphic cells that express markers of T cell lineage, including CD3, CD30, TIA1, and granzyme B [10] . In addition, cells lack B cells markers (CD20, CCD79a, and PAX5). All cases of BI-ALCL are ALKnegative. In contrast to systemic ALK-negative ALCL, BI-ALCL have an excellent prognosis despite the lack of ALK expression. Once the diagnosis of ALCL is established, differentiating systemic ALK-negative ALCL from primary BI-ALCL is very important due to striking differences in the clinical behavior and management of both conditions. Furthermore, 40% to 70% of patients with BI-ALCL are positive for epithelial membrane antigen (EMA), which may lead clinicians to incorrectly diagnose cases as primary or recurrent triple-negative breast carcinomas [13] . The indolent presentation of BI-ALCL may further delay diagnosis and lead clinicians to diagnose other diseases. A detailed history and physical exam and lack of systemic signs may aid clinicians in the proper diagnosis of BI-ALCL, and differentiate it from other more aggressive forms of ALK-negative ALCL.
The pathophysiology of BI-ALCL is poorly defined. Chronic inflammation secondary to a foreign body (i.e., the implants) has been hypothesized to be responsible for the development of BI-ALCL. The development of hematological malignancies due to chronic inflammation, as seen with mucosa-associated lymphoid tissue lymphomas (MALTomas) in the background of chronic Helicobacter pylori infection, is well documented [18] . The immunogenic potential and pro-inflammatory role of silicone in breast implants has also been described previously [19] [20] [21] [22] [23] [24] . Increased antibody titers and granulomatous reactions have been observed following silicone breast implantation [19] [20] [21] [22] [23] [24] . In addition, breast implants have also been associated with the development of several autoimmune disorders, including scleroderma, morphea, systemic lupus erythematous (SLE), rheumatoid arthritis, CREST syndrome, and "human adjuvant disease" [19] . Although silicone has largely been recognized as a biologically inert material, a subset of individuals may have an increased sensitivity to implants, leading to a more robust foreign body immune response or chronic inflammation and the development of BI-ALCL. In fact, a stronger immune response has also been observed in implants with textured surfaces vs. smooth surfaces, irrespective of the implant filling material [8] . The excellent response of BI-ALCL to complete surgical excision therapy also suggests that foreign body removal is sufficient to withdraw the antigenic stimulation that promotes chronic inflammation. The tumorigenic potential of silicone and the role of infection, or biofilm, in the development of BI-ALCL have also been described, but have not gained much acceptance [15, 25, 26] .
Conclusions
Due to the rarity of these tumors and broad differential diagnosis as described above, a coordinated response among plastic surgeons, oncologists, radiologist, and pathologists is required for the management of patients diagnosed with BI-ALCL. Clinicians should be aware of the relationship that exists between breast implants and ALCL. Future studies are required to develop optimal guidelines for prevention, treatment, and management of BI-ALCL.
